The authors analyzed data from two multistate, population-based case-control studies to investigate the association between age at any full-term pregnancy (FP) and breast cancer risk. Study subjects included breast cancer cases aged 20-79 years identified from four statewide cancer registries and randomly selected controls interviewed from 1988 to 1996. Complete information on a comprehensive set of risk factors for breast cancer was available for 9,891 cases and 12,271 controls. The large number of subjects enabled simultaneous adjustment of the covariates and efficient application of various modeling approaches. Overall, each 5-year increase in age at first FP was associated with an odds ratio of 1.07 (95% confidence interval (Cl): 1.01, 1.13) for breast cancer. The corresponding estimates were odds ratio = 1.02 (95% Cl: 1.00, 1.05) for age at second through ninth FPs. For age at last FP, the effect estimate (odds ratio = 1.01, 95% Cl: 0.97, 1.06) was indistinguishable from that for other FPs after the first. In this analysis, a modest and transient increase in breast cancer risk after childbirth was also observed. The relatively greater effect of age at first FP is consistent with the existence of a long-term effect of early first FP on the differentiation of mammary cells, causing them to become less susceptible to carcinogenesis. less susceptible to carcinogenic transformation (2, 16-19), or a long-lasting hormonal change (2, 20-25), or both. Late age at last FP also has been found to be associated with a higher risk of breast cancer (4, 5, 11, 13, 26) , but not in all studies (27) . Very few studies have addressed the effect of age at FP other than the first and last (28, 29) . Prior studies on the relative importance of the first FP as compared with subsequent FPs have produced somewhat conflicting results, in large part because of small sample sizes and limited control of confounders (11, 13, (26) (27) (28) (29) .
less susceptible to carcinogenic transformation (2, (16) (17) (18) (19) , or a long-lasting hormonal change (2, (20) (21) (22) (23) (24) (25) , or both. Late age at last FP also has been found to be associated with a higher risk of breast cancer (4, 5, 11, 13, 26) , but not in all studies (27) . Very few studies have addressed the effect of age at FP other than the first and last (28, 29) . Prior studies on the relative importance of the first FP as compared with subsequent FPs have produced somewhat conflicting results, in large part because of small sample sizes and limited control of confounders (11, 13, (26) (27) (28) (29) .
To provide precise effect estimates while controlling for a comprehensive set of risk factors for breast cancer, we estimated the effects of age at first and subsequent FPs on breast cancer risk by using data pooled from two sequential, large, multistate, populationbased case-control studies (30) (31) (32) (33) (34) (35) (36) . In addition to constituting one of the largest studies to investigate this topic, the current data include information on a large number of covariates that could be taken into account by using contemporary modeling approaches.
MATERIALS AND METHODS
The cases and controls participated in phases I and II of the multistate Collaborative Breast Cancer Studies. Phase I was conducted in Maine, Massachusetts, New Hampshire, and Wisconsin between April 1988 and December 1991; phase II was conducted in Massachusetts, New Hampshire, and Wisconsin between July 1992 and July 1995.
Details of the study design and the analysis of lactation and other variables have been published previously for phase I (30) (31) (32) (33) (34) (35) . Briefly, eligible cases were newly diagnosed female breast cancer patients aged 20-74 years. They were identified by the statewide cancer registries in Maine, Massachusetts, and Wisconsin from April 1988 through December 1991 and in New Hampshire beginning in January 1990. A woman was eligible if she had a listed telephone number and, if younger than age 65 years, a valid driver's license. Interviews were conducted with the permission of the patient's physician. We completed interviews with 6,888 (81 percent) of the 8,532 eligible cases identified; the breast cancer diagnoses of 98 percent were confirmed histologically (information from Massachusetts and Wisconsin only).
In each state, controls who had listed telephone numbers and no history of breast cancer were selected randomly to yield an age distribution similar to that of the cases. Controls less than 65 years of age were selected from a list of licensed drivers available from each state; those aged 65-74 years were selected from a list of Medicare beneficiaries compiled by the Health Care Financing Administration. We oversampled younger controls in the New England states (Maine, Massachusetts, and New Hampshire) to increase the statistical power of our analyses of younger women. Of the 11,319 eligible controls, we interviewed 9,529 (84 percent) successfully.
We used telephone interviews to collect information on age at menarche, menopausal status, age at menopause, complete pregnancy history including dates and outcomes, lactation, alcohol intake, body mass index, family history of breast cancer, physical activity, dietary intake, and demographics. For 78 percent of the cases and 90 percent of the controls, interviewers were unaware of the woman's case-control status until the end of the interview.
The phase U study included older subjects, aged 50-79 years, identified from January 1992 through December 1994 in three states (Massachusetts, New Hampshire, and Wisconsin), and its protocol was similar. Details of the study design have been published previously (36) . A total of 5,685 cases participated (83.1 percent overall response rate). In Wisconsin and Massachusetts, the diagnoses of 98 percent of the cases were confirmed histologically. A total of 5,951 controls participated (77.7 percent overall response rate). The interview was slightly longer in the phase II study and included more extensive histories of exogenous hormone use. For 87 percent of the cases and 96 percent of the controls, interviewers were blinded to case-control status until the end of the interview.
We used multiple logistic regression (37) to analyze the effect of age at any FP (a liveborn or stillborn pregnancy of 6 or more months' gestation) for women who had 9 or fewer FPs. Very few women had 10 or more FPs (23 cases and 44 controls in phase I, 31 cases and 38 controls in phase II), and they were not included in this analysis.
We adjusted for the following covariates: study phase (I/IT), age (as a continuous variable), study site (Wisconsin/Massachusetts/New Hampshire/Maine), interaction between study site and age (as three continuous variables), educational level (grade 7 or less/grades 8-1 I/grade 12 to 3 years of college/4 years or more of college), age at menarche (as a continuous variable), menopausal status and age at menopause (premenopausal/postmenopausal with age at menopause less than age 45 years/age 45-49 years/age 50-54 years/age 55 years or more), parity (individual indicator variables with nulliparity as the referent), lifetime duration of lactation (in months, as a continuous variable), alcohol intake (drinks per week, as a continuous variable), body mass index (kg/m 2 , as a continuous variable), and family history of breast cancer (no/yes). Only those study subjects for whom there was complete information on reproductive history and covariates were included in the present analysis (9,891 cases,12,271 controls).
To study the effect of each FP, we applied the analytical model described by Trichopoulos et al. (28) . This model included the above covariates, indicators for parity, and continuous terms for age at each FP centered at the nearest integer of the average age at which each FP occurred. The analytical aim was to estimate the effect of age at a FP for those women who had at least that particular FP. Parity indicators in turn estimated the effect of a particular FP occurring at the centering age as compared with the nulliparous woman (28) .
We conducted further analyses of the 10,578 women (4,367 cases, 6,211 controls) who had two to nine FPs to assess the effect of age at first and last FP, adjusting for confounding influence from other FPs (38, 39) . For women who had only one FP, the effect of age at last FP could not be distinguished from that of age at first FP, and these women were excluded from this analysis. We also evaluated the relative importance of age at first and last FP for women with two FPs only (2,523 cases, 3,099 controls). Within this subgroup, neither parity nor age at intervening FPs would confound the results from such an analysis. These approaches were used in an attempt to better examine the relative influence of age at first and last FPs and have been suggested in recent studies on this topic (38, 39) . To exam-ine whether there was a transient increase in breast cancer risk following childbirth, we studied nulliparous (1,298 cases, 1,496 controls), uniparous (1,092 cases, 1,188 controls), and biparous (2,523 cases, 3,099 controls) women by comparing the risk associated with adjacent parities (40) (41) (42) .
RESULTS
The distribution of cases and controls according to study phase and reproductive variables is shown in table 1. Despite the age differences in the two study groups, the estimated coefficients and their standard errors for age at each FP and parity from the logistic regression model fitted to the phase I (four-state) and phase II (three-state) studies were similar (appendix table 1), and the results from the combined studies were presented in all subsequent analyses.
Age at first FP was clearly associated with the risk of breast cancer (table 2). The odds ratio associated with each 5-year increase in age at first FP was 1.07 (95 percent confidence interval (CI): 1.01, 1.13). The effect of age at each subsequent FP was less clear; the confidence intervals for odds ratio estimates were wider because of the increasingly smaller numbers of subjects with higher numbers of FPs (table 2) . When the inverse variance of the log odds ratio was used as the weight, a weighted average estimate of the odds ratio was 1.02 (95 percent CI: 1.00, 1.05, taking into account the covariance of the estimates) for each 5-year increase in age at these FPs. In this study, the relation between age at first FP and breast cancer risk was not modified by the subject's menopausal status (p = 0.38 for the interaction term). The comparison between nulliparity and each FP occurring at the respective centering age showed that multiparous women had a lower breast cancer risk (table 2) .
For FPs occurring at different ages, table 3 gives a series of examples based on the results of the model fitting, in which nulliparous women were considered the reference group. For women whose first FP occurred after age 35 years, an increased risk of breast cancer was generally observed for subsequent FPs. For women whose first FP occurred at an earlier age, no difference in effect estimates was found for different birth spacing (1 or 3 years) up to the fifth FP. However, the earlier the first FP and the closer the interval of subsequent FPs, the more prominent the protective effect of later FPs (six or more). * Age (years) at full-term pregnancy (FP) was centered at the nearest integer value of the average age at which the particular FP occurred.
t OR, odds ratio; Cl, confidence interval. % Adjusted for age, US state, interaction of age and US state, educational level, age at monarche, menopausal status and age at menopause, body mass index, alcohol intake, family history of breast cancer, parity, lifetime duration of lactation, and study phase. Odds ratios for age at FP variables correspond to the estimated effect for each 5-year increase. The odds ratio for each parity variable estimates the effect of the FP occurring at the centering age In comparison to nulliparous women. Table 4 presents the odds ratios for breast cancer by age at first and last FP for women with two to nine FPs; we first adjusted for core covariates only and then additionally for age at first and last FP mutually as well as for age at other FPs. In separate models adjusted for the core variables only, age at both first and last FP was positively associated with breast cancer risk When we adjusted for age at other FPs, the odds ratios for age at both first and last FP were markedly reduced: the odds ratio for each 5-year increase in age was 1.08 (95 percent CI: 1.01,1.15) for first and 1.01 (95 percent CI: 0.97, 1.06) for last FP. For women who had only two FPs, the adjusted odds ratios associated with a 5-year increment were 1.15 (95 percent CI: 1.04, 1.27) for age at first FP and 1.02 (95 percent CI: 0.93, 1.12) for age at last FP (table 5) .
We observed a transient increase in breast cancer risk that diminished about 30 years after a FP when uniparous women were compared with nulliparous women (figure 1), although there were relatively few young cancer cases for analysis. For women whose first FP occurred at age 20 years, their risk of breast cancer would be lower than that for nulliparous women only after they were aged 50 years. However, for women whose first FP occurred at age 35 years, their risk would not be lower than that for nulliparous women until they were aged 65 years. Thus, women whose first FP occurred late would have a higher risk of breast cancer than nulliparous women during the high-risk decades. No such pattern was seen when we compared biparous with uniparous women: at all ages, a slight decrease in risk was observed for the second as compared with the first FP (data not shown).
DISCUSSION
Many reports have supported the importance of age at first FP as a determinant of breast cancer risk (1-15, 26, 27 • OR, odds ratio; Cl, confidence interval; FP, full-term pregnancy. t Adjusted for core variables: study phase, age, US state, interaction of age and US state, educational level, age at menarche, menopausal status and age at menopause, body mass index, alcohol intake, family history of breast cancer, parity, and lifetime duration of lactation.
% Adjusted for core variables and age at both first and second FP. CI: 1.004, 1.015). The study estimated the effect of a FP considering the age at each previous FP. Before age 35 years, any FP was found to be protective; after age 35 years, any FP appeared to increase the risk of breast cancer. However, few have attempted to replicate these observations (29) . Our analysis, which provided a relatively more stable and less confounded effect estimate, showed that the effect of age at first FP remained significant after taking into account the effect of age at subsequent FPs. Consistent with previous studies, our findings also suggest that closer birth spacing is associated with a reduced breast cancer risk (28, 29) and that age at other FPs has smaller and insignificant effects (4, 5, 11, 13, 26, 27, 38, 39) . Restriction of the analysis to women who had only two FPs was a straightforward way to examine whether age at first or last FP was more important (38) and clearly showed the relatively greater effect of age at first FP. A transient increase in the risk of breast cancer after childbirth has been reported (40, 41, 43) , although not by all studies (44) . We also observed such an increase despite the large set of covariates that were controlled in the analysis and the limited number of young breast cancer cases, who provided more information when breast cancer risk shortly after childbirth was examined. For uniparous women as compared with nulliparous women, there was an increase in risk after delivery, which diminished about 30 years later. No such increase was found for biparous women when compared with uniparous women. These results are consistent with the possibility that cellular differentiation initiated by the first pregnancy masked or overcame the short-term promoting effect of subsequent pregnancies for women who had two or more children (19) . An elevated risk of breast cancer for women whose first FP occurred after age 35 years also could be explained by this transient increase in risk after childbirth. First, their risk was higher in the beginning. Second, their risk remained above that of nulliparous women until they reached age 65 years. Women whose first FP occurred at age 20 years or less had a lower risk in the beginning, and their risk of breast cancer fell below that of nulliparous women by age 50 years.
The results of this study are likely to be valid, since selection bias and confounding were minimal. Response rates were high for both phases of the study and were similar for cases and controls, suggesting at most a limited selection bias. Although restriction of eligibility to women with drivers' licenses, Medicare recipients, and women with listed telephone numbers might have limited the generalizability of the results somewhat, it helped to ensure that cases and controls were comparable. Non-Whites may have been underrepresented in both case and control groups because of the requirement for listed telephone numbers, but the educational level and average income of the controls were similar to census estimates (30) . Both cases and controls were interviewed by using the same protocol, and, for the majority of cases and controls, interviewers were unaware of a woman's case-control status until the end of the interview, thus further limiting the likelihood of biased reporting.
Other strengths of our study included the large number of subjects with a comprehensive set of risk factors for breast cancer that were taken into account in the analysis. Previous studies of the effects of different aspects of reproductive history and breast cancer either did not have as large a sample size or did not adjust fully for other risk factors (11, 13, (26) (27) (28) (29) . We also applied more updated analytical approaches to examine various aspects of the effect of age at FPs on breast cancer risk.
The relation between age at first FP and risk of breast cancer may relate to both breast tissue differentiation and hormonal changes after the first FP. The mammary gland epithelium could reach full differentiation at the first FP (16) (17) (18) (19) , and differentiated cells do not divide or proliferate under normal conditions and are less susceptible to carcinogenic transformations (45) . Thus, a young age at first FP could reduce the susceptibility of breast cells as a result of early full differentiation of mammary gland cells. Also, the first FP changes long-term hormonal levels, including decreased prolactin, higher sex hormone-binding glob-ulin, and lower estrogen; these changes may provide further protection against breast cancer (22) (23) (24) (25) . A FP also could lower the concentration of estrogen and other potentially carcinogenic breast fluid constituents, providing another possible way in which pregnancy might influence breast cancer risk (46) . The negligible effect of age at subsequent FPs (including the last one) suggests that the mechanism by which a pregnancy reduces risk appears to take effect at the first FP and is sustained throughout life. The process of differentiation is probably not uniform (17) . Thus, it is possible that every new pregnancy recruits more of the remaining undifferentiated cells, explaining why early age at each pregnancy imparts additional protection (28, 29) . • Age (years) at full-term pregnancy (FP) was centered at the nearest integer value of the average age at which the particular FP occurred. Each was then multiplied by an indicator variable indicating the minimum number of FPs needed for a meaningful age at that FP.
t Adjusted for age, US state, Interaction of age and US state, educational level, age at menarche, menopausal status and age at menopause, body mass index, alcohol intake, family history of breast cancer, parity, and lifetime duration of lactation.
$ SE, standard error. § Also adjusted for study phase.
